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Abstract 
Starting as trendy high-value gourmet greens, today, microgreens have gained 
great popularity among consumers for their nutritional profile and high content of 
antioxidant compounds. Microgreens’ nutritional profile is associated with the rich 
variety of colors, shapes, textural properties, and flavors obtained from sprouting a 
multitude of edible vegetable species, including herbs, herbaceous crops, and 
neglected wild edible species. Grown in a variety of soilless production systems, over 
the last five years in many urban and peri-urban areas of the world, microgreens have 
literally exploded as a cash crop produced in various protected culture systems and 
especially indoors through the use of artificial lighting systems. The ability to grow 
microgreens indoors in very small space, the short growth cycle required, and only 
minimum inputs required to produce them may allow the micro-scale production of 
fresh and nutritious vegetables even in areas that are considered food deserts. The 
current COVID-19 pandemic revealed the vulnerability of our food system and the need 
to address malnutrition issues and nutrition security inequality which could be 
exacerbated by potential future situations of emergency or catastrophe. Microgreens 
have great potential as an efficient food resilience resource, since they can provide 
essential nutrients and antioxidants. Using simple soilless production systems, seeds, 
and minimal inputs, nutrient-dense microgreens and shoots may be produced under 
different lighting conditions ranging from darkness to full sunlight or under artificial 
lighting in controlled environmental conditions, providing a rich source of essential 
nutrients and antioxidant compounds in a very short time. Moreover, using simple 
agronomic techniques, it is possible to produce biofortified or tailored functional 
micro-vegetables that could address specific dietary needs and/or address 
micronutrient deficiencies and nutrition security issues in emergency situations or 
limiting environmental conditions. 
Keywords: agrobiodiversity, biofortification, food deserts, food resilience, human health, 
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INTRODUCTION 
From a market standpoint, microgreens could be defined as high-value gourmet greens, 
commonly used by chefs to add value to any dish or culinary preparation by simply exploiting 
the distinctive aesthetical quality and/or sensorial properties that microgreens can provide 
(Di Gioia et al., 2017a; Renna et al., 2017). Over the past decade, microgreens have also gained 
increasing popularity among consumers for their rich nutritional profile and content of 
health-beneficial bioactive compounds (Di Gioia et al., 2017a; Kyriacou et al., 2016). Research 
conducted over the past few years examining the composition of microgreens as a function of 
genotype or of preharvest and postharvest factors continues to identify interesting nutritional 
and secondary metabolite profiles of selected microgreen species and of microgreens in 
general (Ghoora et al., 2020; Kopsell et al., 2012; Kyriacou et al., 2019; Sun et al., 2013; Xiao, 
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2013; Xiao et al., 2012, 2014, 2015, 2016). 
From a technical point of view, microgreens could be defined as young fresh shoots 
produced at relatively high density from sprouting seeds of a variety of plant species including 
vegetables, grains, pseudo-grains, pulses, herbs, and wild edible species. The young shoots are 
harvested and consumed at the earliest growth stages, generally corresponding to the full 
development of cotyledonary leaves or to the appearance of the first true leaves (Benincasa 
et al., 2019; Di Gioia et al., 2017a; Kyriacou et al., 2016). Microgreens do not have a legal 
definition yet, and often have been compared to sprouts or baby leaf greens; however, they 
have distinctive characteristics compared to the above mentioned in terms of production 
techniques, harvesting stage and method, and most importantly in what constitutes the edible 
portion, and therefore should be considered as a separate category of greens (Di Gioia et al., 
2017a, b; Kyriacou et al., 2016). 
Depending on the species and growing conditions, microgreens’ cycle from sowing to 
harvest may range from 6 to 7 days to 21-28 days. They can be grown in soil or soilless 
systems, with or without the use of fertilizers, and may be grown in the presence of natural 
light, with supplementary artificial lighting, using exclusively artificial lighting, or even in dark 
conditions when the production of etiolated greens is intended (Di Gioia et al., 2017a). If using 
seeds of good quality, microgreens can be produced with very limited inputs, and following 
both conventional and organic production methods. Given the increasing demand for organic 
produce and considering the short crop cycle, it is, in fact, relatively easy to produce 
microgreens organically. Even when using soilless organic growing media, if non-synthetic 
inputs are used, and organic label regulations are met, the production can be certified as 
organic in the USA as well as in Europe (Di Gioia and Rosskopf, 2021). 
Another aspect that makes microgreens quite unique and increasingly popular is the 
variety of species that can be used to produce microgreens. The variety of edible plant species 
and populations suitable to produce microgreens continues to expand and constitutes a rich 
assortment of shapes, textures, and colors which are associated with unique sensorial and 
nutritional properties that are distinctive of the genetic material used (Di Gioia et al., 2017a, 
2020a; Kyriacou et al., 2016). Microgreens offer, for example, a new opportunity to recover 
and create high-value products using neglected genetic resources, local landraces, and 
populations characterized by particular quality attributes and unique nutritional profiles 
(Chatzopoulou et al., 2020; Corrêa et al., 2020b, 2020a; Di Gioia and Santamaria, 2015). Such 
opportunity pairs well with the continuous search for innovations and new products in the 
food industry and with consistently increasing consumer demands for fresh, nutrient-rich and 
healthy vegetable products, as well as with the need to address food and nutrition security 
issues in low- and middle-income countries or in food deserts of high-income countries 
(Byker Shanks et al., 2020; Di Gioia et al., 2019). 
MALNUTRITION AND NUTRITION SECURITY 
Although great progress has been achieved over the past half century in enhancing food 
security, malnutrition and nutrition security are still a major challenge affecting billions of 
people across the world, with the current COVID-19 pandemic further exacerbating this 
situation (Food and Agriculture Organisation – FAO, 2012; Nutrition, 2020). 
In the past, significant emphasis has been placed on solving the issue of food insecurity 
and addressing hunger considering the provision of adequate calorie intake. Today, with many 
countries experiencing the so called “triple burden” of malnutrition in which people are 
affected by undernutrition, obesity, and other diet-related diseases, more emphasis is given to 
the concept of nutrition security which goes beyond and encompasses the whole concept of 
food security (Ingram, 2020). 
According to FAO, nutrition security is achieved “when secure access to an appropriately 
nutritious diet is coupled with a sanitary environment and adequate health services and care, 
in order to ensure a healthy and active life for all household members. Nutrition security 
differs from food security in that it also considers the aspects of adequate caregiving practices, 
health and hygiene, in addition to dietary adequacy” (FAO, IFAD, UNICEF, WFP, 2020). From 




addressing food security, and adequate governance and actions on many aspects of daily life 
are required at the community, regional, national, and international level to address 
nutritional and consequent health related inequalities (Nutrition, 2020). Therefore, while the 
roadmap to achieve a global status of nutrition security is long and complex, improving the 
availability of fresh and nutrient-dense greens in regions and areas most affected by 
undernutrition or malnutrition is a key priority and can contribute, at least in part, to solving 
this long-standing global social and health issue. Although various assistance programs are 
implemented in the most critical situations, including situations of emergency, food and 
nutrition resilience and the ability to provide adequate food and nutrition for our own use and 
health may be a key factor in overcoming these disparities. 
COVID-19, EMERGENCY SITUATIONS, AND MICROGREENS AS A POTENTIAL NUTRITION 
SECURITY RESOURCE 
While the COVID-19 pandemic is not considered a food emergency, in most cases, it 
certainly disrupted the food chain and as a global health emergency, had a significant impact 
on food and nutrition security and even when it did not threaten food security, it had a 
substantial impact on food purchase and consumers habits toward food and nutrition (Goetz 
et al., 2020; Naja and Hamadeh, 2020). In many cases, the COVID-19 pandemic had a negative 
impact on the diet (Butler and Barrientos, 2020), and often worsened or challenged the 
nutrition security of the most vulnerable segments of the global populations (Pérez-Escamilla 
et al., 2020). In other cases, the pandemic positively influenced people’s attention and attitude 
toward food nutritional quality and origin. The COVID-19 pandemic contributed to increased 
consumer awareness of the strict association between agriculture, food origin, nutrition and 
human health, and many of people began considering more carefully their life style and 
dietary habits, e.g., they increased consumption of fruits and vegetables, and started paying 
more attention to bioactive compound content in their food (Shahidi and Costa de Camargo, 
2021). Some consumers also changed their attitude toward food origin and while many 
started to buy more locally produced food, others revived the concept of the so called ‘victory 
gardens’ of the past and started producing their own fresh vegetables after thinking their food 
and nutrition security was threatened by the pandemic (Worstell, 2020). However, not 
everyone has the luxury of purchasing fresh vegetables from a local community support 
agriculture (CSA) operation, a local farm, or even has a garden big enough to grow their own 
vegetables, and COVID-19 exacerbated inequalities even in terms of availability and access to 
public green spaces (Geary et al., 2021). Nevertheless, as the pandemic forced many to stay 
home and limit social activities, a new trend was observed and an increasing number of people 
started producing microgreens at home for self-consumption (Di Gioia, 2020). 
For all the characteristics mentioned above, microgreens offer many unique 
opportunities, and may represent a simple short-term solution, even partially, to address 
nutrition insecurity and malnutrition issues that could be addressed at the household level, 
especially under situations of emergency like the current pandemic, when the supply of fresh 
and nutritious food may be limited or altered. 
The COVID-19 pandemic and its impact on every aspect of our daily lives, including our 
diet and nutrition, made it clear that we are all vulnerable and that our food system has 
vulnerabilities and may not be as secure as thought before the pandemic. This prompted many 
to seek solutions to address their own nutritional security even for a short period of time, and 
while it is fairly easy to stock up on food with a long shelf-life, e.g., grains, cereals, pulses, 
securing the availability of fresh and highly nutritious food like vegetables is more challenging. 
Microgreens, however, may be a good short-term solution to guarantee adequate human 
nutrition at the household level in situations of emergency. Besides being appealing for their 
nutritional profile, microgreens are gaining popularity for the opportunity they offer to 
produce high-quality fresh and healthy greens year-round, in relatively short time, using small 
spaces, under almost any conditions. In fact, microgreens may be produced at the commercial 
level in open-field, in high tunnels, specialized greenhouses and indoor production facilities, 
including vertical farm facilities in urban and peri-urban settings, or in non-conventional 
growing spaces such as a cruise ship, a growing area next to the kitchen of a restaurant, on a 
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rooftop or underground the center of a metropolitan area, or even in a supermarket, and can 
also be produced for self-consumption at household level using spaces that range from the 
backyard garden to the basement of a house, or on the windowsill of a flat (Di Gioia and 
Santamaria, 2015; Di Gioia et al., 2017a). 
Figure 1 provides an example of how it is possible to produce microgreens at the 
household level in relatively small space and using very simple tools easily available in a 
kitchen. Besides seeds, growing trays, and a growth medium, which could be constituted by a 
common peat or peat and perlite growth mix, or by alternative materials, including recycled 
microbiologically safe material (Di Gioia et al., 2017b). 
Given all these characteristics, microgreens have also been proposed as a source of fresh 
food and essential nutrients for astronauts engaged in long-term space missions (Kyriacou et 
al., 2017). Researchers at NASA and the European Space Agency (ESA) are in fact investigating 
this option and are trying to address issues associated with growing plants in microgravity 
and assuring maximum food safety for the astronauts. 
Moreover, while microgreens are considered functional food products for their high 
content of nutrients and bioactive compounds (Di Gioia et al., 2017a; Kyriacou et al., 2016), 
recent studies have also demonstrated the opportunity to use agronomic biofortification 
techniques to further enhance their nutritional value increasing for example the content of 
specific essential micronutrient or boosting the content of bioactive compounds (Germ et al., 
2019; Di Gioia et al., 2019, 2020b; Petropoulos et al., 2017). 
In this context, microgreens may be used as functional food to enhance nutrition 
security under current conditions as well as in different predictable or unpredictable 
situations of emergency or catastrophes potentially caused by natural events, wars, and/or 
human errors. Nutrition security microgreen production kits including seeds could be stored 
relatively easily and in small spaces to prevent situations of emergency or alternatively could 
be distributed to vulnerable segments of the population as a short-term nutrition security 
resource. Under such circumstances, a variety of fresh and nutrient-rich microgreens could 
be grown in very limited space and with minimum inputs, providing a source of minerals, 
vitamins, and antioxidants in a relatively short time. 
CONCLUSIONS 
Nutrition security is a long-term global challenge affecting billions of people at the 
global level. This challenge requires immediate adequate action and the development of 
solutions at various levels. The current COVID-19 pandemic exacerbated nutritional security 
inequalities, highlighting the importance of developing solutions to reduce the potential 
negative impact on human nutrition of future predictable or unpredictable emergency 
situations or catastrophes. Microgreens, for the diversity of species and associated nutritional 
properties, visual quality, and palatability, and for their simple and relatively short growing 
cycle, which requires limited inputs and relatively small space, represent a unique source of 
nutrients, with functional properties that could be used to address specific dietary needs and 
malnutrition issues under normal conditions or in emergency situations. For all these 
characteristics, and because of the ability to be grown under variable conditions, even in 
darkness, microgreens could constitute a tremendous nutrition security resource. 
Nevertheless, more research is needed to further assess their nutritional value, acceptability, 
and efficacy in addressing malnutrition issues, and finally to develop an easily deployed 







Figure 1. Example of microgreens production for self-consumption at the household level (a) 
and simple kitchen tools and material needed to start a cultivation of microgreens 
at home (b): 1) microgreens seeds, 2) small cups or containers to soak the seeds in 
water, 3) growth trays, 4) growing medium (in this case is a peat and perlite mix), 
5) measuring cups/spoons to measure the right amount of seeds per tray, 6) a small 
colander, 7) a pitcher, and 8) a spray bottle. Photo credits: Francesco Di Gioia. 
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